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Preface

This thesis if the result of many tests conducted
or: four Stevens Simplified Venturi Meters at the Hydreu-
lics Laboratory of Oregon State College., Two of the
meters were furnished by Leupold-Vopel anc Company of
Portland, Cregon anc to whom the author 1s thus indebted,
Ir. J. C. Stevens, the designer of these meters, made
many helpful suggestions curing the testing anc has en-
couraged the vwork in many ways.

The Lwo small meters were owied by the Oregon State

Tollege, School of Agriculture ane were mace available

for testing through the cooperzticn of Vir. M. R, Lewls
and ¥r, ¥, ¥. Price,

The author wishes to thank Dr, C. i. Mockmore, for
giving so much of his time in helping to arrange thess
tests and in ciscussing the various problems nrisenicu.

hcknowleusgement should also be mece to the members
0f the Civil Tngineering ztaff{ who cooperated in conduct-
ing; the tests and «lso to all other nersens who contrib-

nted in any waye.
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I Historicel Peview

The art of measuring large quantities of water was
greatly simplified when, in 1287, the late Clemens
Herschel, M. Am. Soc. Z.M,, publishea the results of
tucts on & new type of water meter, which he had ilnvent-

e¢ ant named the Venturi meter, (£,9) An interesting

siuelight is Lo note how thig meter came to be named

famous Italian scientist, Veaturi, (11)
derschel experimented . . . . with whet he
- Venturl weber-meter, This name came about

'y accicent, Venturi was an Itnlian experimenter, who

“

<

livea in Parie curiny the French Hevolution, anc pub-
weconnt of hls caxperiments on expanding
ajutapes, in Paris, in 1797. He hac cbserved that dur-

ing this pethed of clschergs suction was produced at
the throat of the ajulige, and proposeu Lo use suction
pump to 1ift water., In course of time it became
well known that theuse enpeancing ajutupes increased ihe
harge o'hoerwvise obtadneu anc ther were usca for
surposes, &C for increasing the efliciency of
hyéraulic turbines,

"Mr, Herschel's Invention consisted in producing

such an expandaing ajutape as nart of & constriction
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in & nipe, an¢ in imaginirg that anc then demonstrat-
ing by experiment how the suction &t the throat was
a furction of the velocity through the throat. Vhen
curing the cxperiments, it became necessary Lo speak
of the head et Lhe throat, it became e&sier to gro-
nourice and more euphonious, to sneak of it and shout
it #s the 'nead on Lhe Venturi,' rather than ‘head
st tne threat,! endé thus came into being the name
'Wenturi heter,?

" 10ne of the few, the immortal names

That wer= not born te die,' "

Tne meter was such @ cefinite Imorovement over
wny orevious type of measuring cevice that numerous
installetions wers mece during the next few years.
it was usc¢ not only lor metering water but tor steam,
Fas, hot water, (1) oil anc compressec air as well,

In 1530 it way estimatea there were aopproxinately
LU,uUs Venturi meters in use throughout the world. (13)
3ince the original tests, in 1887, by bkr, Herschel,
meny further experi§§pts have Leen mece, Some ol these
¢3ts werce mece urinerily to substentiate the eccuracy
or this tyve meter; (6) while others investigaled Lhe
desiFn anc instellation charecteristics, Notable

arorz the latter, were the teots muce to determine the

effect of instilling & metler near 2 bend, pump, or




3.
similar location which might produce spiral or vortex
motion in the water. (7,21) Most of the tests showed
that erronsous coefficients are causec by such instal=-

lations and therefore, proper precautions should be

taken when installing & meter near any object which

mirht cause such motions in the water,
It was originally thought that for the meter to
pe wccurate, it should bu made with delinite and invar-
iable lines; that the angle of convergence shoulc be
10-1/% degrees anu that of divergence 2-1/2 degrees. This,
rowever, has been provec to be false by many of the later tests. (4,16)
The last few years have seen chunges not only in
Lthe anpgles of convergence and divergeace ol the throat,
but in the general shape of the throat section as well.
& ometer with contraction in thue vertical nlane only,
has been perfected for use in metering water which is
wrrying & lerge seciment loud; the chance of sedimen=
tetion in the meter is thus elimiritec, (17)
Lately the Germans have developea the neter shown
Trev cleim that there is less lost head in
this sheoce throat. (L) It ie interusting to note that
Mr. Herschel, in 188€, recommaended using « similarly

shapec meter {Fig. 3) but zpparcntly never constructed

one. (10)




et e Den

Fig. 3— Trumpet Shaped Venituri Meter Suggested by Herschel




5.

To date, little effort has been made to produce
a Venturi meter of good accuracy and at the some time
of low cost, which could be used in the fields where
an extremcly accurate Venturi meter is not necessary.
Pre-cast concrete neters have been designed and cali=-
bratec at tLhe University of Czlifornia and are used
quite extensively in their irrigation projects, (5)
The meter consists of two pre-cast concrete reducers
with the insides specially shaned., This type is
iimitec to construction from concrete only, as il is
possible ne the inside of the concrete pipe with-
cut a large adcitionc) expense, bul it is not possible
to ¢o s0 with stn&l‘or ceet iron. It was with the
objuctive of developirg a cheap yel zccurate cast iron
anc steel Venturi weter, that br. J. C. Stevens,
Mo fm. Soc. C.7., sugposted experimeniing with e meter
usirs standard pipe reducers for the converging and
diverging sections,

Two 12'"x8" meters of this typc were designed
ané built by Dr. Stevens, one of cest iron anc one of
welded steel construction, and liboratery tests were
made at th- hycraulics laboratory at Oregon State
College. Later two rore meters, one a A" x 3" and

—

the other an 8" x 5" both: of welded steel construc—

tion, were testec,




6.

st the same time, Dr. Stevens was interested in

seeing if it might be possible to install a standard

gate velve in the throat section of & meter without

materizlly offecting its hydraulic characteristics,
Tests to determine this were concucted on the same
meters. The data frem these tests have been used to

substantiate the following discususion,
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II  Theory
7.

The Venturi meter is an excellent, though simple,
application of Bernoulli's theorem; therefore, any
formula derivec for & Venturi meter has this theorem
as it basis, Though the several formules thot have
been aerived for the flow of water through & Venturi
meter cifler considerably in their final form, (18)
in reuality they ciffer only in the munner in which

the enerpy losses are entered in the Bernoulli equation,

Ltencard Fguation

The stancard anc probably the most widely used
ecuition is the one in whieh the meter is considered
as heving no friction losses until after the Bernoulli
eguation hus beun solvea, at which tine & constant is
irtrocuceo to teke care of any «nc &ll losses, PRefer-
ring tc Fig. 4 the stancard formula can be cerived as
follows:

Lssuming that there is no friction lous, then

Bernoullit's Tquation will be

2
w AN T AN
2g 2g

by the equetion of continuity
Qt::Vl Al-VZ l".z
Vl ‘\.’2 A2

Ay




e dust hrad
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Fig 4— Venturi Meter

Fig. 5— Annular Pressure Ring




tut the ectual rate of discharge will be
Ga = C V2hp

substituting in equation (1)
, 2 2 2

hy AlA2) V2o = np £ V2
& l'sl 2

2
hl - h2

Letting h =

Y 2 gh

-

Y Ay 2=4p 2

from equation (<)

Qt = V2 AZ




but ; = GVaAg

therefore Qg =

4

2 gh

shile this ecuation is derived on the fulse assumption

that there is no lost head, it does give true results if

the proper discharge coefficient, C, is to be had,

Submerged lozzle Fguation

Another formula with & more thecretically correct
derivation can te cerived by considering the meter as a
submerge¢ nozzle. In which case the coefficient of con=-

traction is 1,00 an: the lost head zcros:z the converg-

ing section of the meter (submerged rozzle) is

(15).

Yow setting up Pernoulli's fquation, it would read:

2

2 2
hy £ Y1 _hy gVy £V 11 -
2g 28 £ JVZ




by the equation of continuity

Cp = V1 AL = V2 Ap
A2
=V Ry

substituting in equation (4)

hy £(32.2 hy 1 v 2

ra——

\ 4.\1 i z - (CV —2') 26

2 2
hy =hy =2 (1 - (%2
2g (Cv)z \f&l}

again letting h = hy = hp

V22

btut now Q3

4 close exarination of equations (2) am¢ (5) reveals
that they both are of the form 4 = Khy 2gh which is the
conctent thal llerschel used in his cripinal tests., (8)

It is =vident then, thot the two conctants € anc Gy have a

censtant rulation betueen each other, Therefore, for
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actuzl use one equation is s good &s the other, In

testing it was found that the Cy term was prelerable, as

the Cy values plotted closer together anc therefore a

definitely erroneous reading was casier to cetect,
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TII Laboratory rFquipment

e tests were conducted in thie tfiydreulics Labor-
Orcgon Stute College auring ths Spring and Fell
™e equipment loyout us &S shown dicgrammeti-

Fige O

two Pelton centrifugal pumps werc goch caneble

1,

of delivering approximalely 1250 g.p.i. under a 75!

m
,
.“x’dt._dg -

he mining wag 50 &rranicd thet the pumps could
T

connucted either in series or peralicl, Under test-

o mewimum cisenarge of ebout 3400 g.p.m.

Vertical 'ank

™ -

The verticol tunk could be used uE & pressure tank
v allowin, it to £i11 en. then closing the ir vulves,
This woe cone during the tests with the partially closed
throut valves. Luring all ciher tucis, the air valves
remeined open ané the tank used only particlly {full,
with the result thet seinor fluctuations ciussc by the

[

vuanaps vere dusorbec in the tank,

- Scales

two sots of sceles verc manulelursc by the

Toleco Scele Company; each heC & totel cepucity of 12,000

o
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pounds. Ther had been entircely reconditioned and cali-

bratec just prior to these tests,

“ntrancc Pipe

The section of pipe, shown between the meter anc the
vertical tank, Fip. 6, wus placed there Lo remove
spiral or vortex motions before the water entered the

meter, A 10" length of entrance nipe wus used curing all

runs on the 12" x 8" meters (runs 1 to 5 inclusive), uns

G ang 7 on the &' x 5" meter uscs a 14' entrance pipe;
84 Lo 8 inclusive used & 3!' entrance pips,

SC on the 4" x 3" meter also usec a 3! entrance

Luring Lhe tests on the 12" x " meters; a set of
vanes was placec in lhe entrance vipe to further insure
a smooth flow, The tests on the 8" x 5" and 4" x 3" meters
did not include such vanes &s these meters had been installed .
previonsly to their tests anc it wes decirec to rate them
uncer sirilar conaitionus.

The valve shown on the discharge end of the meter
was uscec to keep a positive sressure in the throat of the

meter at all times,

Venturl meters
A Venturi meter is always composed of two separzte

varts, The pine linc portion buing one, enc the device




for measuring the head al the entrance anc throat sec—
tions, being the other. In these tests the pipe line por-
tion was menufceturec by Leupole, Volpel anc Company anc
was ol the otevents Simplified type; while the head meosur=
inp devices were water piezometers,

i Steven's Sinmplified Veniturd meter consists of two

standard pipe reducers and Lwo annular pressure rings.

The converping suction generally being o stundard short

recucer, while the diverging scetion is e standerd long

(A

recucer. The ennular pressure rings, Fig. §, were installed
with their preswzure face upstreem, the opening bteing {ormed
entirely crounc the ring by using ihe rasket, a5 shown in
¥ip. 5. For these experiments, a third ring wos provided

in orcer thet the pressure at the ulschirge ond coulc ve
recoruec, the lost heac acress the meter thus being obtain-
stle. The dirensionu of thu meters tested are given in

“able 1,

Peizomuters

The water peiszometers used werce meae ol 15 mm pluss
tubing; tihe water heights were read {rom permonently
mounted scales, which were ¢ivided to U0l of &« fool.
The 16 mm, £lass tubing, however, wus not large enough
to still the columns suffic®ently when 1/L" rubter tubing
was use. to conriect the viezometers with ihe prussure

rings, so thut & dampening device w&s nCCessery. & VOry
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19.

efficient camper was devised by vlacing three inches of

rlagc canxllary tubing inside the 1/L" rubber tubing; a by-
pass being proviced to allow for the rapic changes in the

heud ocouring when the aischarge rate through t he meter

was changed. (Fig. 7)
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1V T¥xperimental Procecure

The tests were conducted on four meters. Two of
them, the 12 2z 8" stzel anc 12" x 8" cast iron being
new when tested; while the other two, the 8" x 5" steel
anc. 4" x 3" stecl, heo been in use {or anproximately four
months. The latter two meters were found to be so badly
corroded that it wes decmed usdviseble to thoroughly clean
them before testing., They were therefore tested in a
practically new condition., The inaividual test runs vere
as rollows:

Run 1. 12" x 8" cast iron meter (as a standard meter)

2wen . 127 x 8" welded stecl meler (as & stancard
meter)

“un 2. 12" x 8" welded steel meter, with a 1 ft,
section of 8" pipe inseried in the throat.

Same as Run 34 plus an 8" pate valve, Valve
cownstiream anc fully open.

Same as Pun 38 except valve 3/h open,
Sare as Bun 3% except valve 1/2 open.
Szme 25 Nun 3B except valve 1/L open,

12v

X
8" nip

8" welded steel with a 29 szction of
e inserted in the ihroat,

Came as Pun LA plus an €' gate vulve, Valve
fully open,

Game as Run 45 except valve 3/L open.

Same as Run LT except valve 1/2 open,




Seme @8 Run 4F excent velve 1/ open.
12" x £" welded stecl with a 37 section of
g1 pine inserted in the throat,

Sume @s fun 5A plus an 8" pate valve, Velve
fully open,

mun 5% excepl valve 2/l open,
Hun 5B except valve 1/2 opcn,

un 5P except velve 1/L open.
£nox welded steel meter with o 140 entr-
ance pine, «ssembled as a Itondard melcer,
a8 x 5" welcee steel meler with o 14!
entruance pive, . 2Z' length ol 5" pipe eno
& 5" gate vaive in throat, Velvs fully open.

sure
(cee pap

un 7 eacept & 3' entrance pipe,
2)
-

Jume s Pun Bi excepl valve 1/2 open,
Game as it except velve /4 open,
L' x 3" welded steel metzr with & 1' lengtih
of 2" pine wnc & 3" gete valve Ln the throet
secetion, Velve fully open.
Hun 4P Same as flun GA except valve 1/2 open,
Bun G Same &8 Run 94 excupt valve 1/4 open,
The 3 8" meter tests were run purely for their
experinentsl vilue, 8o that in setting the meters up an
attempt wies mede to instell them es lceully uv the latora=-

tory woulc nermit. In these tests, o straizht 10 £1, length
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of 12 in. vipe was placed between the meter anc the vertic-
&l tank anc, to further insure ageinst any spiral motion of
watur o5 1t passec through the meters, a sel of straighte

ening vaznes, 2 it. in length, were pleced in the upstrcam
enc o! the 10 ft, enlrance zive,

The €1 x 5" znc 4" X 3" meter Lests were run mainly
to finc their characteristices under concitions aporoxi-
mating those oo fiela use, There wes nol time to test the
L" x 3" meter in any other nmamner than service corditions.,
(Runs YA, ¢, ané C.) The 8" x 5" meler was testea, first
of all, unaer scrvice concitions which unfortunately were

not too yrct, as the 3 fi, entrance ripe which was used

was mace by welding « nisce of £ in. C.D. ~ipe insice of

& oicce of & in, [.D. pipe, Thi a sagaen enlarge-
rent only U.50 of & St fron the entrance pressure ring,
vhich aprarertly formec & swirl in the vater, I was felit
#i the tir- thet tresc swirls so near the nressure ring
were causing erroneous reacdings, Therefore, afier com-
nleting Lo vervice condition tests, (Puns SA, b, C.) a
1i, ft, lensth of € in, vipe was substituted for the orig-—
inal entrenne pine. (Run 7) later the valve anc 2 fi.,
Jength of 5 in, vipe were rumoved from the throat of the

meter am: Lhe peter counlcd as an oréinary Venturi (Dun 6),

the L ft. entrance pipe telng retuinea.

I
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5.
Tecting Proceaure

Tre byveraulic characteristics of & Venturi meter are
best ceterminec by obtaining values of the meter coelficient

lest head for varicus rates of discharge. Ly

r “guation 3 or 5, for its coefficient, it

seen thaet by obtaining the values of and h in the
latorutory, the coefficient ean be comuted, The values
of € werc courpites from the duta obttained by timing withr
& stoon watel Lhe pericd nscessery for a certailn welpht
of water to flow into the scele tanks. It woulc have buen
pessible to acstermineg the rd I d Ly nmeans of a
wolry however, the 2 W is loss than that
ot wei hing tanks; therefcre, the more accurate methoa
WES uscC,

The ¢ifferenticl head and the lost hiead were cetermined

v takine & number of riegometer readings simulteneously

a

&

with the weirhing sericc, The reading was tcken zt the
tottoi of Lhe meniscus to the nearzst U.005 of a foot
Care was Luken to read the cntrance ant throat pilezo-
meters ot thy seme instant to insure a true cdifferentia
neae, The cuantity was comguted imredictely after
esch run, anc Lhe result plotted apainst Q. ln this way,
eny aelinitely erropeous rewdings were ailscovered nnd re-
checkec., The reccings found Lo be in error aue to fuulty

operzticr were then struck cut.  This cxpluins why the
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reacing numbers are not continuous in the cata tables of

the asppendix

.

Under high heaas, il was necussary to disconnect the

exit olezomzter anc connect the tops of the entrance and
throut niszoisters tozether, This placed a compresseaq air
cclumn or the sams precsure on top of sach water column,
While Lhis dic not allow a true head resoing, it iz allow
a true cifferenticd head reauing. This change~over nsce
it noszible to test larger rates of discharge when a par-

tially cleosec throzt valve was being uscd, iHowever, the

rubter tubing used for the nlezometer conrections coula

nct withslend extremely hich heacs, therefore, the tests
Ilv clnsed velves were not made over the same
Low rates of dis-
charpe were not tested bece we differential hezd could
net ke ohlained vwith ie accuracy with the weter
piezorn
> raae in thie cisce
5 teken wfter cach roead—
ing & is plven in th iee of impencix E.
, the welighing seules

vize curing these







Liscuesion of Tesults

Thes: teosis were verformed with two muin objectives
i wind. The fivst was to show if it is possible to obtain
& Veniuri reitcs of rood aceuracy ana yot or low cost by
cortining t.c 1108 nine reoucers,

Getermine if it mipht be nossible to install
the threat scetion of @ meter without irducing
harnful ofiects upon its characteristics, The
of teots are shown b the curves in Pig, 13 and
Spoencix (. Feur curves have been useo for tiis nurnese,
teiny lout hewo, ciffercnticl heac, Cy and C vs, the rate
of cischuarrs, Qo
lcter

ses desirable Lo Rave an averape cceffic-
ient, eccecially wherc & mechanical recorcing Gevice 1s
usec, The arithmcticn) nein coefficient has therefore
Leen comnutec for =ach run anc the results siown in
Table 17, This tuble also shows the mosdmum positive unc
negative percentege of error of the reacings,

From the rowults oblained, it is zpsarent that the
Steven's 1 plified meter 1o only slighlly inferior in
hydraulic cherzcteristics to any of the nresent stancard
machincd Venturi meters, Fig., 12 shows o number ol coeflice

.~

icent curves obhained by other erperimenters on Zimplex wnc

Puilcder's Iron Foundry Venturi rwters. (16) 1t wili be noted
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that for throut velocities uhove epproxinitily seven rt./
sec. the coelficients vary between 0,972 and 0.,%9€2 with
the average sbout C,676. Similer curves for the Uteven's
Sipplified metoer are shown in Fig. 13. Comparing the
three runs which were mede with the meters installed as
stencard Verturi meters, with tlose of Fig. 12, it will
be seen thel they lie between 0,970 and C.G72, enu thus
are slirhtly lower than those for the standard meter,
From thie it would zppear thut the Sinplificd meter is
less efficieat (has & higher lost head). It is only
naturul to exnect these meters to have slightly higher
lost heuus, @s the stancard metuers has & smooth, turned
bress throut, with all angles roundec; while the reters
mace Urom rec cers cre rougher (Fip. 14 and 15) anc have
cefinite angular bencs. The leower efriciency, however,
wes found only in the steel meters, with the cast iron
met:r nroving to have ne larger lost head than that piven
for compurabtle standard meters.- The surface roughness
undoubtecly was the major factor in this rospect, us the
sizel meters viore visidtly much rougrer than the cact iron,
The roughness of the steel meter was duc partially to the
welCing which was evidently done ©r the clectric are
srocsus, as smell beads of a charuzcter cof those cast off
Ly & hane controlled elecilrode were founc over & consiter—

atl. nortion o! the reducers,
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in interusting comparison belween the lost hewds of
meters used in these tests and the stancaré meters
en be oblalnec by firsuring the cquation of the lost head
curve ror cach meter., This mey be eXpress:c¢ in the form

.

n o .
ef I = V' where "I’V 1s the lool heac, "V" is the throat
a
velocily, une '"'n" anc "a' ere cornstants for any meter.

This formula has been computed for ¢ large number of

. . 961
stancard meters, with en averege value of f = VJ"
LO3
with a ranre in the "n" value from 1.07 to <.14 and in the
"ol value from 171 to 846, The "a" value penerully is

smaller Jor the very small meters, vut shove a 4 in, or

o in, meter the value varies indiseriminetely. The “n"

velue {0llove no rules vhatscever, 7Thz tests of the

vimplifiied weters have lest hezeu curves with "n" wndg "a”
velues, &s vhown in tebtle I3,

“rile the "n" values for tnu stuncard meters vary
consiceretly, those in thess Luits strangely, in every
cere bul one, were elmost exactly the mean value for the
slanuare tyne meters, Compering "a" values of the tusis
qrainst the averags "av value of LG32, the cast iron reter

"a” of 500, Lherefore has & smalicer lost hezo than
stonears meters, while the two steel meters with
values of 252 anu 24$ have lost heads cf about 1.0 times

thaet of trhe stancard meter,




Accuracy 33.
It shoulc be pointec out lere, that the sccuracy of
eny Venturi meter s alfected not only by the internal
structur., but alse by the manner in which the difterential
head 1o ottaaned. & distinction shoule always be mace &as
to whether it 1s the meter wccuracy or the head measuring
device uccuraey thet is being cetermined, In these tests
voter pleczorel=rs, read by eye apainst a fixed scile, were
usee 1o cetermine the cifferential head., At low differen-
tial heacs it weas not possible to reac the water levels
ecourstely cnourh to obtain the same cegree of accuracy
in the finel results &s was obttaineble at the hirsher differ-
ntlal hencs., 1t 111l be notiecd that cue to this, in most
thers is o wloer spread of the coclficients sl the
cilocharges.,
T
Test runs, mave with stancarce Venturi meters enc
using cevides Lo read the aifterential heaas viilh extireme

accuracy (16) have shown that the meter coefficient com-

mences te fall for velccities below about seven ft./scc,

with & nearly uniform coeflicient above this velocity,.

Thile thv tosts on the sinplilied meters vwiure net concducted
ith sulficient acenrecy to cdefinitely show the faliing

oif of the coefricient at low throat velocities, they do

conclusively show that the cocftficient remains neerly uni-

form throughout the entire range of flows lestiec,




Sunmery 3.
Thuse tests have thus proven Lhiat by cou ling two
stancare vipe recucers together, a Veaturi meter with the
tollowing vhaorecteristics can pe hac:
l. The cocfficient shoulc be avout U,970 or
U.972. This is sliphtly lower than that
of' present manufactured Venturl reters,

The lost head in meters made from casi iron

rccucers shoulc be apoproximately cqual thet

the -resent standard meters, while that
. steel meler should be aboul 1-1/2 tires as
larre,
In- errer in measurement, while cepencing
user the Lyre of citterential heic neasur-—
iny wevice, shoulc rot wicewe & 1,75%, as

comparcd with T 1y &s ruarantecd for present

stencare Venturi meters,

Threat Velve

In mirning tho tests to determine il it woula be
nossible to insert ¢ valve in the throat seection of the
Venturi meler without prectly cifecting its characteris-—
tics, Lhe 12" x 8" steel meter wes first used, Tests
were run wWith insert sections cof one, two anc three foot
lerngths, both witnh anc without a vualve followings thom,

Valve openings of fullyoven, three guarters open, one half
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and one quarter cpen were tried. These openings were
founc by neasuring those proportions on the rising stem
and ¢o not represent area proportions. Later tests were
run or, the 8" % 5" anc LY x 3" steel meters but with only

lenglh of insert,
curves of C vs ¢, &s showm in apvencix ¢ and
srow Lhat while the coefficient is lower than
& straight Venturi meter, ncvertheless, it remeins
nearly constant even with the valve three quarters closed,
1t is L{hus anparent thel a valve may be placec in the
trrozt of & Venturi mecter, following & cuitable section of

straig t pizv, without destroyin: its melering qualities,

lio tests wers run with only the valve insertec in

the throat os it cid not seem likely that the meter coula
function urcer this concitien, as the ecai2s snd swirls in
front of the partially closec valve gate woulc likely be
reflected uetream into the throzt pressure ring., It may
be possible though, that if a valve werc ncedec Lor open
anc shut op atlon only, it could be placec cirectly follow-
ire throal pressure ring withont an intervening straight
scction,
I+ is to be o¥necteu thel the lost heud acre.s « meter
with & valve insertec in the throat, woulc be greater than
that across ¢ regular meter. Table 11 chows this to be true,

tut the dnercose is net as larpe as one might think, Lost
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heac figures are  dven only for the fully open velve con-

ditlon, es the ourpose of closing & vilve is Lo increase

the Jeet heae ror the vurpous of wecrcaiing the flow, i

oufficiont Lests were not run to determine iy any

colinite lonptl of cipe should Le insertoca ahcac of thsr
: Le lenptl of nipe should be insertec whcad of U1

.

valve; howcver, experiment.s have shown that any obstruc—

tion or tenc in a pipe or channel causes velccity anc opres-

surce charges which are reflecled upstreem, The dlstance

uestrean varying with the conduit anu the cause. In oriice

reters thuy recommencation is mace that the usstream pressure

conncction be maede from 1 to 2 diumetuers albove the orfice

nlate; herefore, it seems rmaconatle to asvsume that &

veive lease in the throat section of a Venturi meter should

Lo oot leanl ones clameler or serhaps one anG one hall clameturs

bedlow the orevoure ring.  Tec long an intervening section

voulc noturallys ceuse an uncue wrount of lost heaa ance chould

§

CCoJasrdes Lalinel,

trroae.ing the valus cnc the twe 1oot seclion of oipe

thre. cucrters times roater trnen wittout lhis accition of

fittin,ss., This protably conla be cul by nsing o shorter

"rllo the coefficients tend 1o arop oft Lor the small

vaive opwnincs, this coes rot czuse Loo lar v errcrs as

th= nercentaye of crror i ures in Table IX show, Agaln,
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t must be stated, thal the method of determining the

)_J.

cifierential head msy be the cause of Jarpge errors and

ret the meter itscelf, A rood example of this is the high

. positive error in Fun § (¥ir. 30). Here, the reading

with the larpest error hias a siall differentizl head and

2s low difrerontial he=ads could not bte rcac wit! great

azeurzey, the b.ud meeturing device may have been the ceuse

of the orror ratier tran the meter itself. Certainly it

aan be sitotec tlat & Verntari meter is no mors accurate

tran is the uevice used to measure the differontial huead

ACCuracy

From the reovults of thess tests it 1o spoarent that

& Venturli weter ol poocc accuracy cin be mace by combining

twe starncard pipe recducers along with suitable pressure

outlets, While it cannot bte claimed that they have an

accuracy as high as the orezsent standard makes of Venturi

mestors, thelr accuracy ef £ 1,758 is geod enough to ellow

their use 1n meny instanc:s,

.

“uosriments have shown thot, over a period of time,

a Ventori sweiter becores sulliciently ecorvrodes Lo cuuse &

chun-e in the co.fficient., & Simplified meter can be re~

movecr ant ¢leancd (uite casily anc therefors, over &« period

hat of the nresent neters, The size anc weipght of a Ltanc-




neter makes removal anc cleaning Jiffiecult.
coenrecy, bthe following table chows
ancrovizate relative accuracy ane reliarility of
areviously aswd water mecsuring devices: (16)

Percentage
of feccuracy
ho weter is weirtiede o o o o 0 0 6 o6 o6 G% .G
" measured in tanks . . . . S4.9
B " by mechenicelly
moving meters 9¢.,0
by Venturli tube
MEEETS . 4 . e e e . o« G9.0
Ly orfice melurs o . o 99,0
by pitot tube moters o 97,
by V-noteh welr nweters
by rectansular weir
1EL3rS o v e b e e . o0 G065
by salt voloeily
HEENOA 4 o 0 o w6 0 o e GU=GE.5

The Simplified Venturi meter's relative error of ebout

-
1

Liuo comnares very favorably with other meteving

icvantires
It should %o evicent that the cost for meters of this
ie mueh lovwer than {or the present stuendard Venturd
fhach that a roter cf this type
country anc therefore is
major adveniuoge,
There ury many neter instellations where ceocuracies
ant gasertial and where a cheaper meter of

comnararle accuracy woule be jusl as wesirable; the

irrigction field beinp & noteble exwrmple., Iottensive use of




39.
soter coula also Lo mace by water works depirt-

oie Ly by th noomaller towns where Lhc pres—

[ Saes

srohilits thelr using many, 17 any, large

mate using & Yedve in tne
I

uhiront 1o the meter, show that when an cccurecy

wia
of zrounc = 345 wnd & losi head of two, Lo thies
it thiougl an ordinesily inst

it weule be nossibtle

instalilation sheuld
whe ¢oflercrece in cost, between a valve 1o [it the
anG one te fit the throzt, would be important,
arplicetion in the weter works [ield
Jower cost of instolletion, it could be
s o6 rate coatrolliers where the sraller
Cinenslions ol a threat velvs shoulc meke for ewce
the crowden filter salicries,
factor of lower cost, the Ui

aeverd) other acventapes, For instance,

ere asuelly of much shorter length. The length

A 2 Limplifiec cast iren neter wee 3'SY, while

e’ comparable standard motur would be
steel meter was 713" lony,
Neve resultuec
rovlacec with a

Giverging scetion has vroved to result
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in o smellur overcll lost hese Ly severcl experiments,
(Fip. 2) confirms this lfact as tests

e German Lype seter (Fig, 2

bYave shown it bo have a nuch lewer lost heac Lhan co come

parable meiers with long civerping sections., The sherter

lenpth of the oimpliiied meter should allow for eusier

slallation wne ke the nousing of a peter more conven-

i

locing the valve in the throal of & meter it is
e rate contrel ot the same nlace where
recorc is obtailned, This sroule be of special
sevantage on rrowets where it le cesirabtle to nazve the
pumping uwnli, .oter ane control valve lociled
buileing, The cesirebility of heaving the valve
Lo, cth.or ond the acvantape ot being abtle to use

nonse

¢ smeller wie therefore cheaper con.rol vaive hus been

seintes oul L dlrrigpalion enginoers,




VI Corclusions




V1 Conclusions

By combining two standard pipe reducers an accurate

anu readily aveilasble Venturi meter results,

A gate velve may be placec in the throsi section of

a Venturi weter with only minor effects to the hydrau-—

lic churacleristics,
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Apnendix A

Installation Factors

VKuterials to be Used

In instelling any type of Venturi meter there are
certain facters vhich must be kept in mind. Cne of these,
is the celection of the material of which to construct
the meter, Thers are soveral items besides the original
cost which must be conside . while the gsteul meters
have the scvantare of having a lower first cost than the
cest iron, they nave severcl disadvantiges,

The losi hewd, through the 12" x 8" stecl meter

testea, was tuice that through the 12" x &" cast iron meter.

Yhile this ls the only compariscn availeble, it is reeson-
&ble Lo asswee thal the ordinary.welded steel pipe will
usually have 2 yreater relative roughness than will cast
iron pipe wnc thercifore, it should be expcctec that
meter will have ithe greater lost heso. It has heen
viously vointeu cul that the steecl wmoters tested were
evicently weldec with a hand controllec arc which greatly
inereased the ioughness over thet of the original steel
sizte, With the introduction of the newer mechine welcers
i% may be possible that the stecl meter will compare very
favorably with that of the cast iron, in the item of lest
steel meter has the additional cdisadvantsge that

it. must be maintained., Provisicns must be made Lo allow
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for occasional removal of this meter in orcer that the
water covered surtaces can be cleaned anc repaintec, The
En x 5" anc 4" x 3" meters tested were good examples of
tnis point. Hoth of these meters had been in use for
aporoximately four months, at the time of their removal
anc were founc Lo be so bhacly corroded that cleaning was
necessary before testing, Weither meter, however, had

beer; mazintec before the original installation,

e steel meter is definitely much lighter in weight,

anc thus casier to install or dismantle than is a cast
iron ornu, therefore, if shut downs or breaks in the line
car be toleratec, some of the maintenance disacventaoge

iz nuliifiea.

Piegomcter Jonnuvcetions
ezometer take—off from the npressure ring should
never ke made at the top of the ring. o side take—orf
always being preferable., The reason for this is that any
the pipeline hugs Lhe top of the pipe with the
result that air bubiles can enter the pressure line,

I7 any amount of silt is carried in the water being
meterce, a blow-ofl valve at the bottom ol the pressure
rine is helpful In ridding the ring of any silt which nay
collect in it, Carc shoulu always be taken Lo see that
tr2 lines from ithe pressure rings Lo the piezometers, or

cther recorcin; devices, have no low or high spots in them.

S .
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In case they do, proper blew-off's should be provided,
Yhere waler plezometers or differential manometers
are used, sorv form of dampening device may have to be
instellecd in orcer to insure the uesired accurzey, In the
cusw of waler plenometers, this car b orovidec by using
larpe stilling-well piezometer tubes or damperers, as used
in the tesi, o very neat tyne of dampener can be made by
nlacing shori, brass plurs, trhrough which have beon bored
& small hole, into the nine connecting: the piezometer to
the prescure ring, 1f the Jength of nipe into which the

s couiped with a union &t toth ends,

(=8

vlugs &re nlacec,
it can be ewzily removed and nlugs added or removed until
the nrencer camperning is achieved, It must be notec, how-

ever, tret «ll tubes must be campencd the cwme anount,

Instuliution

In inslelling a .eter, care shoule be teken to avoid
any cet up Lhat nmight cause a2 soirszl movement of the weter
vhile pecsing through it. The chilef causes of this budng
installsztion Loo near pumns, bends zna succen enlar cmente
or contracztions., It is thourkt that al lezst Len or tucive
ciameters of sirudpght mipe should nroceec & meter, whore
nossitle, wWrerc this is impossible, or where the spiral
movenert 11l hothePz, suitable strodightening vencc con be
sty the cheracteristics of the wvenes buing cependent upon

the emount ¢ straiphtening nenessarye
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DATA PO, RUN 1 (CON'T.) 48

Q Cv C Loat Temp e
Heund u oy’
Cefene fte Ol‘\

3780 , 0.175 67.5
5.660 0.170 68.0
5540 0.149 €8.0
¢.925 0.108 668.0
©. 226 0.067 68.C
1.H00 0.047 68.0
1,947 0.0862 68.0
1,603 Ce 033 8.0
1.496 U, 033 68.0
4.355 Ce2d2 68.0

DATA FOr RUN

6,070 7.550 0.970 1.598
6+103 7.420 0.975 1.601
4.972 6.680 0.873 1.298
5.555 6.970 0.977 1.401
4.502 6.560 0.974 1.197
4.50b 6.360 Ce973 1.187
3.96% 5.980 C.978 1.060
3.685 5.310 0,981 0.992
Y.683 5.760 0,976 0.9%5
5.292 5.525 N0.974 0.932
‘943 5.170 0.978 0.803
<587 4,800 0.974 0.702
2.252 4.505 0.974 (e €lB
2.250 4.570 0.979 0.620
1.838 4.,04%7 0.970 0.510
1.962 4.195 0.972 0.540
l.722 3.950 0.277 C.478
1.308 4,048 0.977 0.464
1.58% 31417 0.982 0.45%7
1.583 S5.817 0.983 C.451
1.235 2.340 0. 975 0.328
1.110 G.148 C.971 C.304
0.8350 2e745 Q.977 o225
0.720 L.548 C.974 0.198
0.610 2.340 0.872 Ce.167
U.488 <.083 C.971 0.l28
0.492 «+100 0.975 0.133
0.370 1.834 0.978 ¢.100
0.300 1.646 0.9%6 0.278
0.270 1.571 0.980 0.070
0,270 l.862 0.976 0.072
0.090 0.905 0.979 0.0286
0.112 0.997 0.969 0.035%7

1
2
3
4
5
6
"
8
9




DATA POR RUNK 2 (CON*T.) 49

Reading h Q Cw - Loat Temp.
Head Water
ft. Cefene ft. Op

0.108 0,981 . 0.033 65.5
0.162 1.196 . 0.042 66.0
0.160 1.202 0.040  66.0
0.280 1.51%2 . 0.07¢ 66.0
0,880 1,508 0.088 66.0
0.349 1.76% . . 0.098 66.0
0.348  1.786 ) . 0.100  66.0
0.448 2.023 0.123 6640
0.616 2.3857 . 0.187 66.0
0.922 2,867 . . 0.25& 6640
1.028 3.036 ) . 0.295 65.5
1.157 3.262 . . 0327 65,5
1.247  3.367% . . 0.3485  66.0
1.373 3,530 . . 0.380  66.0
1.482 3.640 . 0.415 6640
1.563 3.780 .0O. . 0.448  66.0
1.640 3.81% . 0.453  66.0
1.635 3.831 . o 0.457  66.0
1.703 3.910 . 0.473  66.0
1.778  4.046 0.503  66.0
1.786 3.986 " 0513  68.0
4.077 6.070 . 1.122 66,0
4.450 6.360 . 1.208  66.0
4.958 6.680 . . 1.282 66.0
5.578 7,091 1.468  66.0
2.890 5.103 0.763 66.5
5.240 5.380 . 0. 0.880  €G.8
3.237 5.380 . . 0.882  66.5
2.458 4.718 0.678  66.5
1.965 4.219 0.542 66.8
2.232 4.450 . . 0.657 67.0
2.203 4.480 0.608  67.0

HOBODIOU B UN

- bt




DATA FOK RUN 3 = A (CON'T.)

Reading . h Q Cy c Lost Temp
Hend Vater
ft. cofo‘ao ft- : OF

0.402 1.829 0.944 0.118 66.0
0,218 1.338 0. 038 0.070 65.0
0.107 0.941 0.941 0.037 65.0
0.140 1.082 (.946 0.047 65.0
0.1¢6 « 2RO 0.947 0.060 63.0
1.168 5.160 -+ 0.954 0.345 64.0
1.513 5.600 U.09855 0.445 64.5
1.710 3.841 0.968 0.498 64.5
1712 3.752 0.939 U.495 6445
1.88%7 4,039 0.958 0.537 64.5
1.88%7 40005 0.9561 2 C.547 64.5
2,237 4.380 0,986 O.642 65.0
2.:53 4.330 0.944 0.655 65.0
Le748 4,820 0.951 0.790 65.0
2,977 5.040. 0.952 0.860 65.0
34185 5.240 0.960 0.900 6540
S.165 5.250 0.862 0,900 65.0
$.420 5.415 0.955 0.480 65.0
J.627 5,600 G.959 1.08%7 65.0
6.633 7.560 Ge887 1,877 Gb.0
5.750 7.026 0.u87 1.633 65.0
5.:82 54790 0,963 1.502 65.0
5.268 6.680 C.950 1.488 €5.0
4.885 6.460 0.954 1.368 650
4.508 6.210 0.955 1.258 6545
4.145 5.890 U.946 1.198 66.0
4 .958 1. 8B00 0.955 1.048 66.0
4,015 5.880 0.955 1.128 66.0
1+490 6.160 0.950 1.303 660
$+966 5.845 0.958 l.142 6640
Secl? 5,00 0.947 U825 66,0
24633 4,727 0.951 0.770 6.0
v e 473 4.680 0.94%7 0.700 66.0
4070 4.183 0.948 0.582 66.0
1.137 $.070 0.942 0.3517 686.0
l.382 34560 0.951 0.377 86.0

- B

1.227 0.946
€+375 C.949
6,032 C.980
H.61% C.950
4.892 0.951
3.997 0.944

~OOTd N

i




Reading

DATA FOR lUN & - B

e Cy

c.T.3,

5.486
5359
5180
4.960
4.800 -
4.390
4,330
4.340
4.3E80
4.260
4,085
54975
54815
3560
34238
3.230
3.424
$.160
$.183
2.618
“+610
$.064
3,040
.08
2,643
2,456
Z.300
2.080
1.834
1.630
1.776.
1.531
1.408
1.413
1,272
1.273
1.1%28
1.023
1.0156
3¢ 000

0,943
0.943
0.944
0.943
0.950
0.938
0.934
0.942
0.951
0.941
0.945
0.936
0.953
0.944
0.944
C.944
0.952
0.928
0.945
0.939
0.836
0.941
0.03¢
G.851
0.e38
0.931
0.932
0.931
0.927
0,932
0.944
0,940
0.923
0,928
Ve920
0.920
0.926
0.916
0.916
0.954




: e
. S
L.

JMTA PV RYD 5 - C . 52

Neading h ) Cy Lost Temyp e
Hoad Vistor
Tt Cefl B0 Tt. O

I

Qamcq QQGGO C.@GA\ ogmﬁa CCOC
.rtoawom QQSO c..‘.\."w.\r Coc.w.m GC-O
U._‘NH.O w\.ONU CQCUC C.C;ﬂ@ C(..OO
HeOT2 JY.200 U084 0.0%4% uued
4777 0.410 0,956 0,948 UGeb
H5.112 Ge0H0 o V2 V965 67.0
44572 G.ll5 0.Ub4 0.915 07.0
4,740 G.:10 0,959 0.92L0 67.0
2.235 0L.070 0,901 0,965 07.0
5.833 5,720 0.056 0.943 3740
4,023 0,935 0.963 0,950 u'7.0
S3.JU8 5300 0.500 0.958 . 6765
3.020 5,430 V054 0.942 6745
3.193 05,270 0,961 0,053 60,0
2.993 L.100 0.901 0,052 Gi,.0
MwOrwc“.u M»lou-o CO-:-..VO COCGH r.:'woo
2.3L0 4,910 Q.J51 UeV410 08.0
M...oxNGO ...c.burm OQCUC ruop.wuwu. C.woo
vedd7  4.000 0,950 0,963 0.0
.Loo“vnw .."ou..q\c Ooc.in Cocsﬂn\ O0.0
PR 74/ e 28 VL. V4U0 U.08"7

Ca34%  4.-010 Us.iul J.0L2 wd.0
P o.uou .,.m L} L.u..w Cocmﬁw OOQOO rw..wOC
1,025 5..10 0,955 0,940 - V3.0
el 50410 V.90 .90V U3 U
1,232 Z.312 0.9b59 O.54u 08.0
1,000 L0720 e DB Ued4%O Vile D
1,330 S.0460 OeVii Jediel L35
16510 L5l Dedl Uedil 09,0
1.0 0.150 0.J50 04040 vieh
1.0l ..423 J.949 WeISH Viled
2J ofw.t_o - o.Lu.C . oc.mu Co‘.,..v..,wu. Viie i)
J.320 el Heuierid 0.931 Uled
COCC...» nwonw "w LQ:‘;,.G rvccu.w Gcio
De27  L.100 Jeda'l 0.950 69.0
0.1 L.370 Ue49 tewOU V40
V367 1,710 Oe- 44 0.951 0.0
0,510 1l..13 Deld0 0.940 uU.0
Ue3l0 1,508 2.9t5 JaJul U.ie0
D270 LeusUL UiV 1e 987 J9.0
Cout..dﬂ.u Po.voc 3 opr‘U .QCNC Q. .o
06205 1.,2920 ul.U36 Uelil:: U e0
0,170 L1.173 04336 e 2O 69«0
OoH.mC H-Orwo C.,&.UP :-CHL ﬁ.cto
Vel.. 0 ,,9B8 Ua05 0.UL.. wiled

LeRoch Nt IR 2 vl oy




ol U 5 - D . 83

tlending; P { Cy Lost N AR
Hega. Louey
fto : v fto D:.‘

::’-‘JOQ 1.'/'70 ).9'.)3 0.0:){) \38.5
tewlyU 1700 D.,050 D.250 Uiled
PRI PY 2 e D' S REAY) 0,058 U e
1,930 4 0100 ) e 40 0,940 V. e
..l‘} ",.._';\_1;5 "’).-)\jl ').9..) \5:.) .0
el 7, 9250 9 PRSR0Y | S PRBAY 90,0
LGUTR 1o 0U7 JeM S JeUd o o0
1,002 G eu0 D.U2H e O 0U.0
Le .]li) 3.-1;}3 U.U:):) ).U‘Ed 0000
lol’{U J .1\3‘) \:.Uuz U.‘J-i‘.;‘ 'JU.5
1,130 OedlAT 0.940 Je D04 0UeD
1.137 HedDU ez e 934 U3 eD
.170 D172 0,904 0,040 70.0
1.050 000 0.954 Ve9tu 70.0
V200 1 e 30O 0.95b VeJid 70,0
1.238 6270 04249 0,953 70,0
1051:) 1.5.u‘10 \).905 O..JSQ \JUQO
1,515 3,000 Qe90u Ue4du 0040
1,420 5e000  UGUDB  Deudd OL L0
1.:200 SetlEd Oy 0,949 Uuel
S ITA el el 10 PRV FIVIN o)
el e et dO VD06 Jeih wbe0
0,735 CenQU e Dederid wue0
Jewo0 Ledidt e Uedd 30 U0
Qe 1V Ve diL Jadet S Je3Y Oue0
Ve 10 Leddl Oetbrsiz P SY 06.0
Q.U ..« QB0 el IS JRVIS D Gue0
0eal7 148305 1 B 21 e ) S 060
0.\5\)5 107\10 \.)o it ;.9 ‘ld
Jedud l.742 wed 0 V.UC0 VIS ERY)
4200 leulls Dl re Dt Juel
0..510 1903 Va0 RS I 5 SIVING;
.).26.‘) 10'1“3\) ).'--'"'l i J.‘J-‘);.S UUQJ
Weiil 1e500 delt JeJdAL Ve
Vel85 1,48 LS JeUBY Uuel
0.:83 Bl eV JedOis Uuel
06.1250 1elll /eudsd et IOD vue0
0.153  lell4 / U.ui4 0,920 Goe0
0.1:.C l.JOL‘ i JeOY u’.‘J‘.:B VU0
1,002 010! Qa1 JeuilV wued
1.535 3.\}’10 000'23 U.U.S-i Ui‘)oo
1.030 3,336 0e30% 0,047 ule0
1,725 Sedl 0,49 0.U39 Vel
16400 G e80T 049329 VL7 03.0
10\398 4.00’7 OQU4J ’-)0940 JG.U




DATA FOR Rui 3-= D (CotivTe)

neading . Q Cv C Lost
' ' © load
‘ Lt,




DATA FOR RUN S = E 55

Reading Lost Temp .
. < Co Lead ’.‘Jat;gr
Cefoalle " fe. on

1,052 0,932 0.919 70.0
1.054 0.933 0,920 70,0
1,111 0.939 0.92%7 70,0
1.286 0,832 0.91%7 ‘ 70.0
1,215 0.934 0,920 70,0
1.411 0.939 0,926 700
1.682 0.953 0.920 70.0
1.806 0.929 0.918 70.0
1.830 0.032 0.922 70.0
0.013 0,951 U.941 70,0
2.110 0,939 0.926 ' 70.0
2.298 0.942 U.331 70.0
2.38% 0.9039 0.926 70.0
2.417 0.935 0.922 - 70.0
20543 0,042 0.9230 C70.0
2.555 0.940 0.v27 7.5
Led70 0.049 0,939 . 63.0
2745 Ve 4d 0.931 i 68.0
2.836 0.950 0.940 68.0
1900 0.948 0.937 68.0
2,988 0,951 0.941 68.0
3,022 Qe 0.954 o 68,0
030 0.947 0.936 68.5
2,004 0.952 O.042 '

3.223 0,983 0.943 , 59,0
56522 09853 0,943 ©¥9.0
Se3%7 0.955 0.946 63,0
3.482 0.961L 0,960 5Y.0
36028 0,958 0.950 0Ved
3,568 0.054 0,545 09,0
3.02% 0.957 00948 ! 6905
34040 0,964 0.946 7040




DATA FOR RUW 4 -~ A

Reading h G Cy Lost
ead
ft. c.f¢$. ft.

0.110 J.973 Q6035
0.150 1.124 U040
V283 1.358 0,007
J.200 1.355 4 0.070
U.218 1.350 L 0.055
Q. 507 1,820 0.000
0.410 1.883 0.098
v.500 2,000 0.150
Je 590 2'234 Oe 178
0.080 2,420 Ue210
0.3357 ~ o098 Ue2d5
Ve840 Q4051 0.248
0.932 L «BbO U.270
0.28  L.B835 0.270
1,035 L7 U.302
1.128 J5.110 0.328
1.215 d.222 0.350
l.322 3,382 0.3756
1.415 3485 0.398
1.513 - 3,940 O.442
1.607 3725 0.453
1.730 3,841 0.488
Vel 7.625 1.880
64297 7.350 1.762
5,948 7.120 16007
De038 7.025 . 1.570
E)‘ wlS 7.025 1.597
£.425 ©eB75 1,508
4,550 6,260 1.283
4,215 6.065 1.183
3,832 5,780 1,035
3.570 5,525 1.010
5.283 $.340 0.910
2,875 4.900 0.313
2.855 4,975 3 Je790
3,077 5.120 0.358
4,015 5,935 < 1.112
4,705 ve4l0 1,302
2,073 4,740 U750
2.422 4575 0.700C
2.237 4,375 0.038
1,996 4,180 0,585
2,003 4.000 26575
1,987 4.160 J.5856
1,840 3.965 0.533

()
PDOCICOhLGNDH




DATA FOR RUN & - IV

Reading ] Cy




DATA FOR RUL 4 = 7

Readin h Q -G Tempe
& v Viater
£t. CeleaBe ) OF

5,042 b6 540 . . . 5.5
5.287 94320 908 v 6b.0
6,875 VeT790 +9G * 6545
5.416 6.875 «96: . 6b5.5
H.310 7.0256 . . 66,0
6.370  7.435 . . 67.0
VeD07 745560 ok J,942 . 67.0
0.,030 7.280 0 JG2 . 2 < 6d.0
5.790 7060 956 Je “ GU.0
Ce313 44450 «955 . 0. 68.0
L.u80 4.3065 0,953 .05 68.0
10735 008 5 { [ [ 3 L')LS.O
2,033 $.130 0,946 . . GB8.0
3.\)28 “-172 . ‘ . 3 L] 68.0

DA URORUT

0.483 1.970
Ve09S 2.405
VeT00 2435
0.3532 Ced75
0.532 1 «U3d
U520 ~eV30
Ve i‘\) 10912
u.f'id'.. :.‘:“‘)0
U953 £.8Q0
0.948 ..3 24
1.060 3,013
1,142 5121
1,158 3.130
')4J70 2.800
Ue 700 Z.528
De50S8 LL103
J+440 1,203
U.BI6 733
1.125 3.117
L2283 3,270
1.304 Cedl0
1.493 5.560
1.107 3,118
1,910 <92
0.1312 C.QUOO
0.312 1.606

oo
o o ® & ¢ & @

OO0 COO0O0COO0

o
4
5
9
7
8
1%

L]

daés e J 03]
® L ]
o

Co
.

TGO cOd.




NTA BPOR TN 4 - C {CONY,) 59

ileadin;; o] Cy c Lost Ten.
jload Water
Celene 'te OM&

J.:.05 1.511 ok 0.335 0.2 6le D
U.103 1.1348 V.4l 0.175 6340
1,785 3,350 ( " U310 1.913 0140
C..WOU 1\meu- Do O-wuq q\CCCO QGIOO
vel2 7320 Ded4l T« U0 G670
e 13%7 Te231 & JeB4y Ued40 670
U U2 7.1835 k 0.940 U128 07 e
e 770 79000 j 0.J944 vetT2S U e
Le 233 e B0 Vo344 He 0D e
._vo,b..wm.w r.u.muuqo Cocﬁo UOO..N@ rwﬂeoo
4850 VP 3810, QL 0,948 5,307 V8.0
.w.U@U l\ru.H.o C’CGC U'Omum Gmw'@
4 o577 LeJU0 0,9:0 ««801 03,0
4.100 5230 : 0.94a teu32 GU L0
5.945 L4732 C.941 4,513 60 .0
" 0600 26 U.948 3985
5.185 ¢ 0.94% 34417  60.0
%310 0.042 L3232 60 .0
40040 : 0.U44 2,735 o8 .0
0% 00 J 0.946 252 ¢9.0
46100 049389 24123 (5168 51




“oadliny

O-ac. xS

n
ft.

1.075
1.7
1,723
1,603
1.200
1.406%7
1.4418
1a813
1e1lud
1,008
Jeuld
0.8.25

0,722

0,012
Ve33O

0,032

Ul 150
. 0370

0,218
'\) 01'15
Jeolll
Ta 7S
e 437
Z 00
Ce '\."50
e 310
14808
26983
3.138
3.422
54035
3 .038
3.728
4,150
4.282
4.400
4 .0350
4.548
44918
5,036

Cel o

5997
J6308
74350
oe t05
3.710
J.00d
30'18::
3.3543
HelDO
Le9OU
27956
2.018
Led65
6207
74315
Led

1.890
1,730
l. 543
14500
1,114
3,143
< 22133
4.075
40307
4,750
4.855
4.915
5.040
5.170
5.415
5.450
5.485
5,040
5,940
‘50070
Jelud
6.210
.20
6.515
6.540

0.955
o347
007

V964

D e B0
Ved DO
U.904
Jed 5]
Jediri
Q.00
0.90%
V.944
0,940
0.944
0,354
0.U51
0.942
).946
0.941
Je9240
00538
veddS
D956
0.956
0,944
Ue 949
0940
0,956
0,953
0.952
0,955
0.947
0.955
S PRI )

0,951 -

0.950
-’0'35;5
0.u%4
O.v49
0,950
0,950

60

Teripe.
Weter
01

69,0
60 .0
69.0
G5 D
365
68,5
60,0
9.0
\5-—’.0
6940
69,0
G940
69 .0
690 -
G50
69 .0
$9.0
5940
69,0
L")g.o
09,0
9.0
6442
04D
U4« 0
4.0
64 .0
64 o0
64.0
G440
65,0
65.0
6540
65,0
65¢5
65¢5
6545
G50
56«0
6L .0
G5e0




DATA POR RUK 4

road ing h

.

fe.

0.773 , 0.543 J.932
0.4130% 2 e UL 0,95 UL.uZd
0. 303 e U.945 D.9353
U3 . 0.543 0,931

R ) Je %S 0.932
1.200 S 0.954 Qe4db
1.170 y U.94%0 D336
1.17% N .94l U.930
1,07 Sal 0047 U036
1.067 el 0.34¢ 0,939
WQUNC CeJd Je?d0 Ol@um
0..410 PP P O.944 O-Qmu
0.705° 2.1358 04280 0.940
Cebid LeQ175 0.938 0,926
C.503 2043 0,958 0.927
Os10d 1.2561 V233 Q.92
0.i30 1.375 0,037 0.924
Co .m“.wnw R .H umwmo c.wuh‘u C nmmu-
1.200 ° 54204 0.95% U.945
1.3 5.409 0.956 0.54"7
1.505 D509 0.950 U.940
1.074 0« T70 0.950 0.940
1..543 16710 2945 0933

DATA PO FLN b - A

0.3502 1,502 0.957 0.942
J.300 1,602 0.943 U937
0.172 1.193 0.9%45 Je933
0.101 0.954 0.952 0.949
UJ,100 0.930 0.989 0,950
0.112 1,017 0.901 :
0.296 1.571 Vo944 0.933
0,350 1.737 0,957 U.949
Cluou Poqum O.Q.Mm‘ C.OGQ
J,365 1,755 0.949 0,939
Q3067 1,755 0.947 0,936
0410 1.873 Ve 365 L.940
2.176 4,272 049406 0.936
©el3U 4,275 0.944 0,932
1,935 4.050 0.94% 0,936
1,934 4,030 0.947 0,936
1,079 3.793 Q.408 0.946
1.707 3793 Ue948 0,938

* * ®

AR £ q
arnoeeo
QoL

SCDO =
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Teadling

11
42
14
45
40
47
0
49
J0
23

oL,

1,217
14508
Jde 131
Je. 90l
0.,8U6
el
W, 497
Je 003
U.478
1.432
D.342
(VT
\1.305
0,701
1.057
1.053%
1.193

1,195

Lel0
l.027
o 75
1.273
5,261
4. 3325
NeUly
Te24
e a8
1.450
e 37
Le520
L esld
Le3l
el
LelilV
ledéy
et
el

4y (Y
PP R3]

5 ot "td
1237
‘1 207
4 Q'J50
4. 0.38

J.uJb
\,:‘ L ] 1 73
2,448
~ 750
7740
£.J10
e Y
e 297
2,073
D022

e YATR)
LR R~ Ry &)

fe521

Cadilk
2,776
26750
2 .967
. o430
3..183
54173
30205
Ge.i0
Ge2T0
Se.70
Ue0O
G.530
<2930
-X 0‘270
1077

> e
e ‘v'y

R T Xt
e faend

.4 Ty
e ls,

ey

e dew

15140
A "

'4.&73

(K3
/l 02‘:\)

Ze 30
Ceuld
EYRARN
14350
'1 .3(30
Le3060
Selo0
58930
- .:’)'Jb
ved1l0

Uelrld
0.9‘1“1
Oeu02
Ce947
VeI49
Ueddd
Uesd2
000
0.951
0,954
0540
00346
0,953
O .9‘:‘7
ODU“tS
0,950
0Ve14d
Vo348
Oestu
Uedadd
i)e 47
0. 149
Vel
'\).::"10
0.044
0.949
(5 JRVEY)
S RTNY)
0.740
‘e ):Jl
U, i2J
Doty
[0 FTY
Ja
IR
Je 'i}:)
e dida
Cadid
Uerii?
e
Q.35
Q.0
Uie gagis

UawBl

Logt
nead

e
- e

Je 307
O [ -5:.{'.':
(VINAKY
062243
U.:41
delI2
U174
‘JedL2
U150
O [ l l'D
Uslull
o154
Jel71
Q . '4.'3:)
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